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(57) ABSTRACT 
Provided herein are branched polycarbonate resin composi 
tions The compositions include a first heat stabilizer, a second 
heat Stabilizer, a branched polycarbonate, a cyclic siloxane, 
and a flame retardant salt. The compositions withstand dis 
coloration and increased melt viscosity when exposed to 
elevated temperatures. These compositions are useful in the 
manufacture of various shaped, formed and/or molded 
articles. 
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1. 

COLORAND HEAT STABLE 
POLYCARBONATE COMPOSITIONS AND 

METHODS OF MAKING 

FIELD OF THE INVENTION 

The present invention relates to the development and use of 
heat stable polycarbonate-based resins having low discolora 
tion and Viscosity build-up during processing and aging. 

BACKGROUND 

Polycarbonates are synthetic thermoplastic resins that may 
be derived from bisphenols and phosgene, or their deriva 
tives. The desired properties of polycarbonates include clarity 
or transparency, high impact strength and toughness, heat 
resistance, weather and oZone resistance, and good ductility. 
They are useful for forming a wide variety of products, such 
as by molding, extrusion, and thermoforming processes. 
Branched polycarbonates, in some cases, can produce 
enhanced, or more desirable, characteristics over conven 
tional linear polycarbonates. To form a branched polycarbon 
ate, a branching agent, which has at least three functional 
groups, is added to the reaction of the dihydroxy compound 
and phosgene. 
Many thermoplastic polymers require stabilization against 

discoloration from exposure to elevated temperatures. Expo 
Sure to high temperatures often arise during molding and 
extrusion processes. Fighting discoloration with heat stabi 
lizers can create a dramatic increase in melt viscosity during 
heat aging. This can be detrimental to abusive processing and 
affect the end performance of the material. A specific issue 
may arise from the use of branching agents to produce 
branched polycarbonates is the resultant high residual content 
of ionic groups, such as chlorides. High chloride content can 
adversely impact melt stability and the color and/or transpar 
ency of articles molded from the polycarbonate. 

Accordingly, there is a need for producing branched poly 
carbonate resins without sacrificing melt stability and the 
color or transparency of the resin or molded articles during a 
production process. 

SUMMARY OF THE INVENTION 

The present invention is directed to polycarbonate resin 
compositions that contain two or more different heat stabiliz 
ers, a branched polycarbonate, a cyclic siloxane, and a flame 
retardant salt. The branched polycarbonate may be capped at 
its ends with a carbonate end-capping group having a pKa of 
between 7.5 and 10. The heat stabilizers may be selected from 
one or more of the following: 

n1 

tris(2,4-di-t-butylphenyl)phosphite, and 
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OH 
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HO-P 
M 
O 

HON -O O 
P 

OH HO 

bis(2,4-dicumylphenyl)pentaerythritol diphosphite. 
The cyclic siloxane may have the structure: 

R. R. 
V / 
Si 

A V 
R. O. O. R. 
V / V / 
Si y 
y O O R, 

Si 
0-7 

/ R 

wherein R is one or more of the following: C1 to C36 alkyl, 
fluorinated or perfluorinated C1 to C36 alkyl, C1 to C36 
alkoxy, C6 to C14 aryl, aryloxy of 6 to 14 carbon atoms, 
arylalkoxy of 7 to 36 carbon atoms, a phenyl, or C1 to C36 
alkyl-substituted aryl of 6 to 14 carbon atoms. 
The cyclic siloxane may be selected from one or more of 

the following: octaphenylcyclotetrasiloxane, hexamethylcy 
clotrisiloxane, octamethylcyclotetrasiloxane, decamethylcy 
clopentasiloxane, dodecmethylcyclohexasiloxane, trimeth 
yltriphenylcyclotrisiloxane, and 
tetramethyltetraphenylcyclotetrasiloxane. 
The branched polycarbonate of the resin may have repeat 

ing structural units of the formula 

(I) 

--0-1-0- s 
wherein at least 60% of the total number of R1 groups contain 
aromatic organic groups and the balance thereofare aliphatic 
groups, aromatic groups, alicyclic groups, or a combination 
of these. 

The end capping group may be a carbonate end-capping 
group, which may be derived from a reaction with a 
cyanophenol of the formula: 
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OH 

(Y) es 
--(CN)c Null 

wherein Y is a halogen, C1-3 alkyl group, C1-3 alkoxy group, 
C7-12 arylalkyl, alkylaryl, or nitro group, y is 0 to 4, and c is 
1 to 5, provided that y+c is 1 to 5. 
The endcap may have at least one electron-withdrawing 

group. The electron-withdrawing group may be one or more 
of a halogen, such as fluoro, chloro, or a bromo; a perfluoro 
alkyl, Such as —CF, or perfluoroalkoxy, such as —OCF, 
where the perfluoroalkyl portion of the either the perfluoro 
alkyl or the perfluoroalkoxy may comprise trifluoromethyl, 
the formula CF, wherein n is an integer from 1 to 10, a 
cyano group, —OC(=O)Ro. —SOCH, or —C(=O)—X. 
where X may be hydrogen, C-C alkyl, —OR, or—NRR, 
wherein each of Ro, R. R. and R may each independently 
be hydrogen, C-C alkyl, Cs-C7 cycloalkyl, phenyl, mono 
Substituted phenyl, di-substituted phenyl, alkylene glycol, or 
polyalkylene glycol, wherein the phenyl Substituents may be 
C-C alkyl or C-C alkoxy. —OC(=O)R0 may be 
OC(=O)CH. SOX may be - SOCH. 
The branched polycarbonate may be derived from reacting 

a polycarbonate with a branching agent. The branching agent 
may be derived from a triacid trichloride of the formula: 

(IV) 

wherein Z is hydrogen, a halogen, C1-3 alkyl group, C1-3 
alkoxy group, C7-12 arylalkyl, alkylaryl, or nitro group, and 
Z is 0 to 3. 

The branching agent may have a structure derived from a 
tri-substituted phenol of the formula 

(V) 

wherein T is a C1-20 alkyl group, C1-20 alkyleneoxy group, 
C7-12 arylalkyl, or alkylaryl group, S is hydrogen, a halogen, 
C1-3 alkyl group, C1-3 alkoxy group, C7-12 arylalkyl, alky 
laryl, or nitro group, S is 0 to 4. 
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4 
The branching agent may have a structure of the formula: 

(VI) 
HO 

N O 

H 

OH. 

The branching agent may be a combination of two or more 
branching agents. The branching agent may the branching 
agent groups are present in an amount of 0.75 to 5 branching 
units per 100 R1 units. 
The branching agent may be at least one of the following: 

tremellitic trichloride (TMTC), tris-(hydroxyphenyl)ethane 
(THPE), isatin-bis-phenol or a combination thereof. 
The flame retardant salt may be at least one of the follow 

ing: alkali metal salt of perfluorinated C1-C16 alkyl sul 
fonates; potassium perfluorobutane Sulfonate; potassium per 
fluoroctane Sulfonate; tetraethylammonium perfluorohexane 
Sulfonate; sodium toluene Sulfonate, Sodium diphenylsulfone 
Sulfonate and potassium diphenylsulfone sulfonate. The 
flame retardant salt may be potassium perfluorobutane. 
The resin composition may further comprise bis(diphenyl) 

phosphate of bis-phenol-A (BPADP). The resin may have a 
viscosity build of less than 20% at 300° C. Melt viscosity may 
be measured using a rheometric method. For example, melt 
Viscosity values for a resin may be obtained on a rheometer. 
The percent Viscosity change after a certain length of time 
may be determined from a graph of the melt viscosity change 
as a function of time during a rheometric test. For example, 
the percentage viscosity change (% Viscosity) may be deter 
mined by applying the following equation: 

% Viscosity (Yo-ti), initial 

wherein Vos is the melt viscosity measured at 300° C. 
after 30 minutes, V is the initial melt viscosity at 300° C. 
reported by the rheometer. 30 minutes is only an example of 
the length of time over which the percent viscosity change 
may be measured. 
The resin may have a viscosity of at least 500 Poise at 300° 

C. 
The resin composition may further comprise a hindered 

phenol heat stabilizer. The hindered phenol heat stabilizer is 
octadecyl-3(3,5-ditertbutyl-4-hydroxyphenyl)propionate. 
The resin composition may further comprise a linear silox 

ane having the formula: 

y 
-R, 

y y y 
R-i-o –o —o 

Me Me R Me 
y 

wherein R1 is a C1 to C18 alkyl group, R2 is a phenyl, and X 
andy Sum to 1. The resin composition may comprise a poly 
carbonate siloxane copolymer. The resin composition may 
comprise octadecyl-3(3,5-ditertbutyl-4-hydroxyphenyl)pro 
pionate. 
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The present invention is also directed to an article derived 
from the polycarbonate resin composition. The article may be 
about 3.2 mm thick and have a yellowing index (Yi) of less 
than 3. The article may have a Yi of less than 2.5. The article 
may be manufactured by a method comprising extruding the 
polycarbonate resin composition and molding the extruded 
composition into an article. 
The present invention is also directed to a method of manu 

facturing an article. The method may comprise extruding the 
composition and molding the extruded composition into an 
article. 
The herein described polycarbonate resin composition 

may comprise between between 20 and 50 weight % of a 
branched polycarbonate; between 50 and 80 weight % of a 
mixture of high flow polycarbonate; low flow polycarbonate; 
and THPE branched polycarbonate; between 0.016 and 0.06 
weight % bis(2,4-dicumylphenyl)pentaerythritol diphos 
phite; between 0.005 and 0.028 weight % of tris(2,4-di-t- 
butylphenyl)phosphite; between 0.015 and 0.05 weight% of 
a hindered phenol; between 0.1 and 0.4 weight% of a release 
agent; between 0.1 and 0.4 weight % of a UV additive: 
between 0.05 and 0.1 weight% of a flame retardant salt; and 
between 0.0 and 0.4 weight % of a linear siloxane additive. 
The polycarbonate resin composition may further comprise a 
colorant. 

Also described herein is a composition consisting of 

n1 

tris(2,4-di-t-butylphenyl)phosphite; 

OH 

HO-P 

HO 

bis(2,4-dicumylphenyl)pentaerythritol diphosphite, a 
branched polycarbonate, wherein the branching agent groups 
are present in an amount of 0.75 to 5 branching units per 100 
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6 
R1 units, a cyclic siloxane, wherein the branched polycarbon 
ate contains a carbonate end-capping group having a pKa 
value of between 7.5 and 10. The carbonate end-capping 
group has a pKa value of between 8 and 9. The carbonate 
end-capping group is a cyanophenol. 

Also described herein is a polycarbonate resin comprising 
between 0.005 and 0.028 weight % of a first heat stabilizer; 
between 0.016 and 0.06 weight of a second heat stabilizer; 
between 20 and 50 weight % of a branched polycarbonate, 
between 0.05 and 0.1 weight % of a cyclic siloxane; and 
between 0.05 and 0.1 weight% of a flame retardant salt. 
The first heat stabilizer may be 

n1 

tris(2,4-di-t-butylphenyl)phosphite and the second heat 
stabilizer may be 

OH 

HO-P 

HO 

bis(2,4-dicumylphenyl)pentaerythritol diphosphite. The 
cyclic siloxane may have the structure: 

wherein R is one or more of the following: C1 to C36 alkyl, 
fluorinated or perfluorinated C1 to C36 alkyl, C1 to C36 
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alkoxy, C6 to C14 aryl, aryloxy of 6 to 14 carbon atoms, 
arylalkoxy of 7 to 36 carbon atoms, a phenyl, or C1 to C36 
alkyl-substituted aryl of 6 to 14 carbonatoms. The at least one 
R may be a phenyl. The branched polycarbonate comprises 
repeating structural carbonate units of the formula: 

wherein at least 60% of the total number of R1 groups contain 
aromatic organic groups and the balance thereofare aliphatic, 
alicyclic, or aromatic groups. The carbonate end-capping 
group may be derived from reaction with a cyanophenol of the 
formula: 

s 

OH 

(Y) es 
N -(CN)e, Null 

wherein Y is a halogen, C1-3 alkyl group, C1-3 alkoxy 
group, C7-12 arylalkyl, alkylaryl, or nitro group, y is 0 to 4. 
and c is 1 to 5, provided that y+c is 1 to 5. The carbonate 
end-capping group may have at least one electron-withdraw 
ing group. The at least one electron-withdrawing group is one 
or more of a halogen, a perfluoroalkyl, and/or CF2, 
wherein n is an integer from 1 to 10, a cyano group, —OC 
(=O)R. —SOCH or —C(=O) X, where X is hydro 
gen, C-C alkyl, —OR, or —NRRs, wherein each of Ro, 
R. R. and R is each independently one of a hydrogen, 
C-C alkyl, Cs-C7 cycloalkyl, phenyl, mono-Substituted 
phenyl, di-substituted phenyl, alkylene glycol, or polyalky 
lene glycol, wherein the phenyl Substituents are C-C alkyl 
and/or C-C alkoxy. The branching agent may have a struc 
ture derived from a triacid trichloride of the formula: 

C 

wherein Z is hydrogen, a halogen, C1-3 alkyl group, C1-3 
alkoxy group, C7-12 arylalkyl, alkylaryl, or nitro group, and 
Z is 0 to 3; or wherein the branching agent is a structure 
derived from a tri-substituted phenol of the formula 

(S)s (S)s 

wherein T is a C1-20 alkyl group, C1-20 alkyleneoxy 
group, C7-12 arylalkyl, or alkylaryl group, S is hydro 
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8 
gen, a halogen, C1-3 alkyl group, C1-3 alkoxy group, 
C7-12 arylalkyl, alkylaryl, or nitro group, s is 0 to 4; or 
wherein the branching agent comprises a structure of the 
formula: 

HO OH 

O 

H 

or a combination comprising one or more of the branching 
agents. 
The branching agent groups may be present in an amount 

of 0.75 to 5 branching units per 100 R' units. The branching 
agent may beat least one of the following: tremellitic trichlo 
ride (TMTC), tris-(hydroxyphenyl)ethane (THPE), and/or 
isatin-bis-phenol. The flame retardant salt is at least one of the 
following: alkali metal salt of perfluorinated C1-C16 alkyl 
Sulfonates; potassium perfluorobutane Sulfonate; potassium 
perfluoroctane Sulfonate; tetraethylammonium perfluorohex 
ane Sulfonate; sodium toluene Sulfonate, Sodium diphenylsul 
fone Sulfonate and potassium diphenylsulfone Sulfonate. The 
flame retardant salt is potassium perfluorobutane Sulfonate. 
The resin may further comprise bis(diphenyl)phosphate of 

bisphenol-A (BPADP). The cyclic siloxane may be at least 
one of the following: octaphenylcyclotetrasiloxane, hexam 
ethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decam 
ethylcyclopentasiloxane, dodecmethylcyclohexasiloxane, 
trimethyltriphenylcyclotrisiloxane, and tetramethyltetraphe 
nylcyclotetrasiloxane. The cyclic siloxane may be octaphe 
nylcyclotetrasiloxane. The resin has a viscosity build of less 
than 20% at 300° C. The resin has a viscosity of at least 500 
Poise at 300° C. The resin may further comprise a third heat 
stabilizer. 
The linear siloxane may have the formula: 

y y y y 
R-i-o –0 –0 -R 

Me Me Me Me 
y 

wherein R2 is a C1 to C18 alkyl group, R is a phenyl, and x 
andy Sum to 1. 
The composition may further comprise a polycarbonate 

siloxane copolymer. 
The composition may further comprise a third heat stabi 

lizer, which may be octadecyl-3 (3,5-ditertbutyl-4-hydrox 
yphenyl)propionate. 

Also described herein is an article formed from the resin 
composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the influence of phosphite heat stabilizer on 
polycarbonate melt viscosity and the progression of viscosity 
at 300° C. 

DETAILED DESCRIPTION 

Use of the herein described combinations of branched 
polycarbonate polymers, heat stabilizers and a carbonate end 
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cap group(s) allows for the production of branched polycar 
bonate resins capable for use in a variety of applications 
where, for example, low color and low melt are needed. The 
inventor has discovered that certain combinations of particu 
lar hydrogen phosphites are excellent in stabilizing branched 
polycarbonate resins against discoloration and increased melt 
Viscosity due to exposure of the resin to elevated tempera 
tures. 

1. Definitions 

The terminology used herein is for the purpose of describ 
ing particular embodiments only and is not intended to be 
limiting. As used in the specification and the appended 
claims, the singular forms “a,” “and” and “the include plural 
references unless the context clearly dictates otherwise. 

Alkyl as used herein may mean a linear, branched, or 
cyclic group. Such as a methyl group, ethyl group, n-propyl 
group, isopropyl group, n-butyl group, isobutyl group, tert 
butyl group, n-pentyl group, isopentyl group, n-hexyl group, 
isohexyl group, cyclopentyl group, cyclohexyl group, and the 
like. 

"Halo' as used herein may be a substituent to which the 
prefix is attached is substituted with one or more indepen 
dently selected halogen radicals. For example, "C-C, 
haloalkyl means a C-C alkyl substituent wherein one or 
more hydrogen atoms are replaced with independently 
selected halogen radicals. Non-limiting examples of C-C, 
haloalkyl include chloromethyl, 1-bromoethyl, fluoromethyl, 
difluoromethyl, trifluoromethyl, and 1,1,1-trifluoroethyl. It 
should be recognized that if a substituent is substituted by 
more than one halogen radical, those halogen radicals may be 
identical or different (unless otherwise stated). 

"Halogen' or "halogen atom’ as used herein may mean a 
fluorine, chlorine, bromine or iodine atom. 
“HBN3% THPE branched resin' as used herein may mean 

a BPA-polycarbonate resin that comprises p-hydroxyben 
Zonitrile as the end-capping agent and THPE (tris-(hydrox 
yphenyl)ethane) as the branching agent and has an average 
molecular weight of 30,000 g/mol. The HBN 3% THPE 
branched resin may be obtained by interfacial polymeriza 
tion. 
“Copolymeras used herein may mean a polymer derived 

from two or more structural unit or monomeric species, as 
opposed to a homopolymer, which is derived from only one 
structural unit or monomer. 
“C3-C6 cycloalkyl as used herein may mean cyclopropyl, 

cyclobutyl, cyclopenty1 and cyclohexyl. 
"Halogen' or "halogen atom’ as used herein may mean a 

fluorine, chlorine, bromine or iodine atom. 
“Heteroaryl” as used herein may mean any aromatic het 

erocyclic ring which may comprise an optionally benzocon 
densed 5 or 6 membered heterocycle with from 1 to 3 het 
eroatoms selected among N, O or S. Nonlimiting examples of 
heteroaryl groups may include pyridyl, pyrazinyl, pyrimidi 
nyl, pyridazinyl, indolyl, imidazolyl, thiazolyl, isothiazolyl, 
pyrrolyl, phenyl-pyrrolyl, furyl, phenyl-furyl, oxazolyl, isox 
aZotyl, pyrazolyl, thienyl, benzothienyl, isoindolinyl, ben 
Zoimidazolyl, quinolinyl, isoquinolinyl, 1.2.3-triazolyl, 
1-phenyl-1,2,3-triazolyl, and the like. 

"Polycarbonate' as used herein may mean an oligomer or 
polymer comprising residues of one or more polymer struc 
tural units, or monomers, joined by carbonate linkages. 

“Straight or branched C1-C3 alkyl or “straight or branced 
C1-C3 alkoxy” as used herein may mean methyl, ethyl, n-pro 
pyl, isopropyl, methoxy, ethoxy, n-propoxy and isopropoxy. 
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10 
“pK as used herein may mean the -logo of K, where K, 

is a value used to describe the tendency of compounds or ions 
to dissociate. The K value may be referred to as “the disso 
ciation constant.” “the ionization constant or “the acid con 
stant 

“Polycarbonate' as used herein may mean an oligomer or 
polymer comprising residues of one or more polymer struc 
tural units, or monomers, joined by carbonate linkages. 

Unless otherwise indicated, each of the foregoing groups 
may be unsubstituted or substituted, provided that the substi 
tution does not significantly adversely affect synthesis, sta 
bility, or use of the compound. 
The terms "structural unit' and "monomer are inter 

changeable as used herein. 
For the recitation of numeric ranges herein, each interven 

ing number there between with the same degree of precision 
is explicitly contemplated. For example, for the range of 6-9, 
the numbers 7 and 8 are contemplated in addition to 6 and 9. 
and for the range 6.0–7.0, the number 6.0, 6.1, 6.2, 6.3, 6.4. 
6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated. 

2. Polycarbonate Resin Components 

The herein described polycarbonate resin composition 
comprises two or more heat stabilizer compounds, a cyclic 
siloxane, a flame retardant, and a branched polycarbonate 
resin. The branched polycarbonate resin may have one or 
more carbonate end-capping groups with a pKa value of 
between 7.5 and 10. One or more structural units may be 
Subjected to melt polymerization or interfacial polymeriza 
tion by adding a catalyst and allowing the mixture of catalyst 
and structural units to react under melt or interfacial condi 
tions. The structural units may be polymerized with one or 
more other types of structural units. 

a. Branched Polycarbonate 
Described herein is a branched polycarbonate having 

structural units. The structural units may be repeating struc 
tural carbonate units of the formula (I): 

(I) 

--0-1-0- 
wherein the R1 groups are derived from a dihydroxy com 
pound that can be aliphatic, aromatic, alicyclic, or a combi 
nation of these. Of the total number of R1 groups present in 
the polycarbonate, at least 30 percent, 40 percent, 50 percent, 
60 percent or 70 percent may contain aromatic organic groups 
and the balance thereof may be aliphatic, alicylcic, or aro 
matic. 
The branched polycarbonate may further comprise repeat 

ing ester structural units of the formula (II): 

(II) 
O O 

N-N-N-N. 
wherein D is a divalent group derived from a dihydroxy 
compound and T is a divalent group derived from a dicar 
boxylic acid. 
The branched polycarbonate may be a branched BPA poly 

carbonate resin. The branched BPA polycarbonate resin may 
be made by an interfacial process. The branched BPA poly 
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carbonate resin may have a weight average molecular weight 
of between about 25,000 and 45,000. The BPA polycarbonate 
resin may have a weight average molecular weight of 37,700. 
The BPA polycarbonate resin may have a weight average 
molecular weight of 28.700. The weight average molecular 
weight may be determined by gel permeation chromatogra 
phy (GPC) using polycarbonate standards. The branched 
polycarbonate may have a melt volume flow rate (MVR) of 
between about 1 and 8. The branched polycarbonate may 
have a MVR of between about 1 and 4. 

(1) Branching Agent 
The branched polycarbonate may be a product of polymer 

izing one or more structural units in the presence of one or 
more branching agents, whereby the one or more branching 
agents are incorporated into the growing polycarbonate poly 
mer. The branching agent may be a polyfunctional organic 
compound containing at least three functional groups 
selected from a hydroxyl, carboxy, carboxylic anhydride, 
haloformyl, or mixtures of these groups. Specific examples 
include trimellitic acid, trimellitic anhydride, trimellitic 
trichloride (TMTC), tris-p-hydroxy phenyl ethane (THPE), 
3.3-bis-4-hydroxyphenyl)-OXindole (also known as isatin 
bis-phenol), tris-phenol TC (1,3,5-tris(p-hydroxyphenyl) 
isopropyl)benzene), tris-phenol PA (4(4(1,1-bis (p-hydrox 
yphenyl)-ethyl) alpha, alpha-dimethyl benzyl) phenol), 
4-chloroformyl phthalic anhydride.k trimesic acid, and ben 
Zophenone tetracarboxylic acid. The branching agent may 
have a structure derived from a triacid trichloride of the for 
mula (IV): 

(IV) 

C 

wherein Z is hydrogen, a halogen, C1-3 alkyl group, C1-3 
alkoxy group, C7-12 arylalkyl, alkylaryl, or nitro group, and 
Z is 0 to 3. 

The branching agent may have a structure derived from a 
tri-substituted phenol of the formula 

(V) 

wherein T is a C1-20 alkyl group, C1-20 alkyleneoxy group, 
C7-12 arylalkyl, or alkylaryl group, S is hydrogen, a halogen, 
C1-3 alkyl group, C1-3 alkoxy group, C7-12 arylalkyl, alky 
laryl, or nitro group, S is 0 to 4. 
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12 
The branching agent may have a structure of the formula: 

(VI) 
HO 

N O 

H 

OH. 

The branching agent may be a combination of one or more 
branching agents. 
The branching agent may be added to a polymerization 

reaction mixture comprising the structural unit. The relative 
amount of branching agents used in the manufacture of the 
polymer will depend on a number of considerations, for 
example, the type of R1 groups, the amount of cyanophenol, 
and the desired molecular weight of the polycarbonate. In 
generally, the amount of branching agent is effective to pro 
vide about 0.1 to 10, about 0.5 to 8, or about 0.75 to 5 
branching units per 100 R1 units. 
The branching agent may be added in an amount that is 

Sufficient to achieve the desired branching content, that is, 
more than two end groups. This amount may be added in an 
amount that is relative to one or more structural units. The 
branching agent may be added at a level of between 0.05 and 
2.0 wt %, between 0.1 and 1.5 wt %, between 0.5 and 1.0 wt 
%, or between 0.65 and 0.9 wt %. 

(2) Carbonate End Cap 
The branched polycarbonate may comprise a carbonate 

end cap. The carbonate end cap may have a pKa value of 
between 7 and 10, or between 7.5 and 10, or between 7.5 and 
8.5, or between 7.5 and 9, or between 7.5 and 9.5, or between 
7.75 and 8.25. The carbonate end cap may have a pKa of 
between 7.5 and 8.5. The carbonate end cap may be a 
cyanophenyl endcapping group derived from a reaction with 
a cyanophenol of the formula: 

wherein Y is a halogen, C1-3, C1-3 alkoxy group, C7-12 
arylalkyl, alkylaryl, or nitro group, y is 0 to 4, and c is 1 to 5. 
provided that y+c is 1 to 5. The cyanophenol may be p-cy 
anophenol or 3,4-dicyanophenol. 
The endcap may have at least one electron-withdrawing 

group. The electron-withdrawing group may be a halogen, 
Such as fluoro, chloro, or a bromo; a perfluoroalkyl, such as 
—CF, or perfluoroalkoxy, such as —OCF, where the per 
fluoroalkyl portion of the either the perfluoroalkyl or the 
perfluoroalkoxy may comprise trifluoromethyl, the formula 
CF, wherein n is an integer from 1 to 10, a cyano group, 
—OC(=O)R —SOCH or —C(=O)—X, where X may 
be hydrogen, C-C alkyl, —OR, or—NRR, wherein each 
of Ro R, R2, and R may each independently be hydrogen, 
C-C alkyl, Cs-C7 cycloalkyl, phenyl, mono-Substituted 
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phenyl, di-substituted phenyl, alkylene glycol, or polyalky 
lene glycol, wherein the phenyl substituents may be C-C, 
alkyl or C-C alkoxy. —OC(=O)RO may be OC(=O)CH. 
SOX may be —SOCH. 
A cyanophenyl endcapped polycarbonate may be prepared 

by reacting a dihydroxy aromatic compound of the formula 
HO-R1-OH, wherein at least 30 percent, 40 percent, 50 
percent, 60 percent or 70 percent of the total number of R1 
groups contain aromatic organic groups and the balance 
thereof may be aliphatic, alicylcic, or aromatic, with an acti 
vated carbonyl compound in the presence of a cyanophenol. 
The reaction may reside in an aqueous biphasic medium at a 
pH of 8 to 11. The cyanophenol, upon addition to the reaction, 
may not contain acid or amide groups that are detectable by 
Fourier transform infrared (FT-IR) analysis of the cyanophe 
nol. 

Other endcapping agents can also be used with phenol 
containing a cyano Substitutent, provided that such agents do 
not significantly adversely affect the desired properties of the 
compositions, such as transparency, ductility, etc. Other end 
capping agents include certain other mono-phenolic com 
pounds, mono-carboxylic acid chlorides, and/or mono-chlo 
roformates. Mono-phenolic end capping agents include 
monocyclic phenols such as phenol and C1-C22 alkyl-Sub 
stituted phenols such as P-cumyl-phenol, resorcinol 
monobenzoate, and p- and tertiary-butyl phenol; and mono 
ethers of diphenols, such as P-methoxyphenol. Alkyl-substi 
tuted phenols with branched chain alkyl substituents having 8 
to 9 carbon atoms may be used. Certain mono-phenolic UV 
absorbers may also be used as a capping agent. Examples 
include 4-substituted-2-hydroxybenzophenones and their 
derivatives, aryl salicylates, monoesters of diphenols such as 
resorcinol monobenzoate, 2-(2-hydroxyaryl)-benzotriazoles 
and their derivatives, 2-92-hydroxyaryl)-1,3,5-triazines and 
their derivatives, and the like. 

Mono-carboxylic acid chlorides may also be used with 
cyanophenols as end-capping agents. These include monocy 
clic, mono-carboxylic acid chlorides such as benzoyl chlo 
ride, C1-C22 alkyl-substituted benzoyl chloride, toluoyl 
chloride, halogen-substituted benzoyl chloride, bromoben 
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branching agent, and the desired molecular weight of the 
branched polycarbonate. In general, the amount of cyanophe 
nol may be effective to provide 1 to 20 cyanophenyl carbonate 
units per 100 R1 units, 2 to 15 cyanophenyl carbonate units 
per 100 R1 units, or 3 to 12 cyanophenyl carbonate units per 
100 R1 units. Up to about half of the cyanophenyl carbonate 
units may be replaced by a different type of endcapping unit. 
The cyanophenol branched polycarbonates may have a 

weight average molecular weight of about 5,000 to about 
200,000, of about 10,000 to about 100,000 or about 15,000 to 
about 80,000, or about 16,000 to about 60,000 grams permole 
(g/mol). The weight average molecular weight may be mea 
sured by gel permeation chromatography (GPC). The GPC 
column may be a crosslinked styrene-divinylbenzene col 
umn, which then may be calibrated to polycarbonate refer 
ences. GPC samples may be prepared at concentration of 
about 1 mg/ml, and may be eluted at a flow rate of about 1.5 
ml/min. 

b. Heat Stabilizer 
The polycarbonate resin composition may contain one or 

more heat stabilizers. The one or more heat stabilizers may be 
selected from: 

tiris (2,4-di-t-butylphenyl)phosphite 
(also known as IRGAPHOSR 168), 

H. H. 
O- C C - O 

M X V O-P P-O 
N / 
O-C H2C-O 

H 

Zoyl chloride, cinnamoyl chloride, 4-nadimidobenzoyl chlo 
ride, and combinations thereof; polycyclic and mono-car 
boxylic acid chlorides such as trimelitic anhydride chloride, 
and naphthoyl chloride; and combinations of monocyclic and 
polycyclic mono-carboxylic acid chlorides. Chlorides of ali 
phatic monocarboxylic acids with less than or equal to 22 
carbonatoms may be useful. Mono-chloroformates including 
monocyclic, mono-chloroformates. Such as phenyl chlorofor 
mate, alkyl-substituted phenyl chloroformate, p-cumyl phe 
nyl chloroformate, toluene chloroformate, and combinations 
thereof. 

The cyanophenols may be added to the polymerization 
reaction as an endcapping agent using conventional pro 
cesses. The relative amount of cyanophenol used in the manu 
facture of the polymer will depend on a number of consider 
ations, for example the type of R1 groups, the amount of 

55 

60 

65 

bis(2,4-dicumylphenyl)pentaerythritol diphosphite (also 
known as DOVERPHOSR S-9228), and a hindered phenol 
heat stabilizer such as: 

roc 
octadecyl-3(3,5-ditertbutyl-4-hydroxyphenybpropionate 
(also known as IRGANOX(R) 1076. 

HO 
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The one or more heat stabilizers may be used in amounts of 
0.00001 to 1 part by weight, based on 100 parts by weight of 
the polymer component of the thermoplastic composition. 
The polycarbonate resin composition may contain between 
0.001 weight (wt)% and 0.003 wt %, between 0.003 wt % and 
0.006 wt %, between 0.01 wt % and 0.03 wt %, between 0.02 
wt % and 0.03 wt %, between 0.025 wt % and 0.03 wt %, 
between 0.02 wt % and 0.04 wt %, between 0.04 wt % and 
0.06 wt %, between 0.06 wt % and 0.08 wt %, between 0.08 
wt % and 0.1 wt %, between 0.1 wt % and 0.3 wt %, between 
0.3 wt % and 0.5 wt %, between 0.5 wt % and 0.7 wt %, 
between 0.7 wt % and 0.9 wt %, between 0.9 wt % and 1.1 wit 
%, between 1.1 wt % and 1.3 wt %, between 1.3 wt % and 1.5 
wt %, or between 1.5 wt % and 2.0 wt % of each heat 
stabilizer. Any combination of heat stabilizer may be incor 
porated into the resin. Two or more heat stabilizers incorpo 
rated into the resin may have different wit percents. The 
weight ratio of one heat stabilizer to another heat stabilizer in 
the resin composition may be 5:95, 10:90, 20:80, 30:70, 
40:60, or 50:50. The weight ratio of three heat stabilizers in 
the resin may be 5:10:85, 33.3:33.3:33.3, 10:20:70, 20:20:60, 
30:30:40, 40:40:20, or 10:10:80. 
The one or more heat stabilizers may be added to the 

polymerization reaction and/or to the branched polycarbon 
ate prior to extrusion. The polymerization reaction may 
include one or more structural units in the presence of one or 
more branching agents. 

c. Flame Retardant 
The polycarbonate resin may further comprise a one or 

more flame retardants. The one or more flame retardants may 
be flame retardant salts. The one or more flame retardant salts 
may include, for example, flame retardant salts, such as alkali 
metal salts of perluorinated C1-16 alkyl sulfonates such as 
potassium perfluorobutane Sulfonate (Rimar salt), potassium 
potassium perfluoroctane Sulfonate, tetraethylammonium 
perfluorohexane Sulfonate, potassium diphenylsulfone Sul 
fonate (KSS), sodium toluenesulfonate (NaTS), sodium 
diphenylsulfone sulfonate (NaSS), and the like; and salts 
formed by reacting for example an alkali metal or alkaline 
earth metal (for example lithium, sodium, potassium, mag 
nesium, calcium and barium salts) and an inorganic acid 
complex salt, for example, an oxo-anion, such as alkali metal 
and alkaline-earth metal salts of carbonic acid, Such as 
NaCO, KCO, MgCO, CaCO, and BaCO or fluoro 
anion complex Such as LiAlF, BaSiF6, KBF KAIF, 
KAIF, KSiF and/or NaAlF or the like. Alkali metal salts 
of perfluorinated C1-C16 alkyl sulfonates, KSS and NaTS, 
alone or in combination with other flame retardants, are par 
ticularly useful in the polycarbonate compositions disclosed 
herein. 

In another embodiment, the flame-retardants are selected 
from at least one of the following: alkali metal salts of per 
fluorinated C1-16 alkyl sulfonates; potassium perfluorobu 
tane Sulfonate (Rimar Salt); potassium perfluoroctane Sul 
fonate; tetraethylammonium perfluorohexane Sulfonate; and 
potassium diphenylsulfone Sulfonate. 

In another embodiment, other flame retardants such as 
organic compounds that include phosphorus, bromine, and/or 
chlorine can also be present in combination with the flame 
retardant salts. Non-brominated and non-chlorinated phos 
phorus-containing flame retardants can be used in certain 
applications for regulatory reasons, for example organic 
phosphates and organic compounds containing phosphorus 
nitrogen bonds. One type of exemplary organic phosphate is 
an aromatic phosphate of the formula (GO)3P=O, wherein 
each G is independently an alkyl, cycloalkyl, aryl, alkylaryl, 
orarylalkyl group, provided that at least one G is an aromatic 
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16 
group. Two of the G groups can be joined together to provide 
a cyclic group, for example, diphenylpentaerythritol diphos 
phate. Exemplary aromatic phosphates include, phenyl bis 
(dodecyl)phosphate, phenyl bis(neopentyl)phosphate, phe 
nyl bis(3,5,5'-trimethylhexyl)phosphate, ethyl diphenyl 
phosphate, 2-ethylhexyl di(p-tolyl)phosphate, bis(2-ethyl 
hexyl) p-tolyl phosphate, tritolyl phosphate, bis(2-ethyl 
hexyl)phenyl phosphate, tri(nonylphenyl)phosphate, bis 
(dodecyl)p-tolyl phosphate, dibutyl phenyl phosphate, 
2-chloroethyl diphenyl phosphate, p-tolyl bis(2.5,5'-trimeth 
ylhexyl)phosphate, 2-ethylhexyl diphenyl phosphate, or the 
like. A specific aromatic phosphate is one in which each G is 
aromatic, for example, triphenyl phosphate, tricresyl phos 
phate, isopropylated triphenyl phosphate, and the like. 

Di- or poly-functional aromatic phosphorus-containing 
compounds are also useful, for example, compounds of the 
formulas below: 

O 

—-o--oc 
glo- o–K. d 

G2 

pi 
Xin 

LA)--(, GO- oX / \ | *o--og 
Xin 

O 

P 

d X, G2 pi 

O 

. . 
--G 

G2 

G2- O O-P-G? P 

G2 

wherein each G1 is independently a hydrocarbon having 1 to 
30 carbon atoms; each G2 is independently a hydrocarbon or 
hydrocarbonoxy having 1 to 30 carbon atoms; each X is 
independently a bromine or chlorine; m is 0 to 4, and n is 1 to 
30. Exemplary di- or polyfunctional aromatic phosphorus 
containing compounds include resorcinol tetraphenyl 
diphosphate (RDP), the bis(diphenyl)phosphate of hydro 
quinone and the bis(diphenyl)phosphate of bisphenol-A, 
respectively (BPADP), their oligomeric and polymeric coun 
terparts, and the like. 

Exemplary flame retardant additives containing phospho 
rus-nitrogen bonds include phosphonitrilic chloride, phos 
phorus ester amides, phosphoric acid amides, phosphonic 
acid amides, phosphinic acid amides, tris(aziridinyl)phos 
phine oxide. 

Halogenated organic flame retardant compounds can also 
be used as flame retardants, for example halogenated flame 
retardant compounds of the following formula: 

() () () Air R Air 
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wherein Risa C1-36 alkylene, alkylidene or cycloaliphatic 
linkage, e.g., methylene, ethylene, propylene, isopropy 
lene, isopropylidene, butylene, isobutylene, amylene, 
cyclohexylene, cyclopentylidene, or the like; or an oxy 
gen ether, carbonyl, amine, or a Sulfur-containing link 
age, e.g., Sulfide, Sulfoxide, Sulfone, or the like. R can 
also consist of two or more alkylene or alkylidene link 
ages connected by Such groups as aromatic, amino, 
ether, carbonyl, sulfide, sulfoxide, sulfone, or the like. 

Arand Ar' informula (20) are each independently mono- or 
polycarbocyclic aromatic groups such as phenylene, biphe 
nylene, terphenylene, naphthylene, or the like. 
Y is an organic, inorganic, or organometallic radical, for 

example (1) halogen, e.g., chlorine, bromine, iodine, fluorine 
or (2) ether groups of the general formula OB, wherein B is a 
monovalent hydrocarbon group similar to X or (3) monova 
lent hydrocarbon groups of the type represented by R or (4) 
other Substituents, e.g., nitro, cyano, and the like, said Sub 
stituents being essentially inert provided that there is greater 
than or equal to one, specifically greater than or equal to two, 
halogen atoms per aryl nucleus. 
When present, each X is independently a monovalent 

hydrocarbon group, for example an alkyl group Such as 
methyl, ethyl, propyl, isopropyl, butyl, decyl, or the like; an 
aryl groups such as phenyl, naphthyl, biphenyl, Xylyl, tolyl, or 
the like; and aralkyl group Such as benzyl, ethylphenyl, or the 
like; a cycloaliphatic group Such as cyclopentyl, cyclohexyl, 
or the like. The monovalent hydrocarbon group can itself 
contain inert Substituents. 

Each d is independently 1 to a maximum equivalent to the 
number of replaceable hydrogens Substituted on the aromatic 
rings comprising Ar or Ar. Each e is independently 0 to a 
maximum equivalent to the number of replaceable hydrogens 
on R. Each a, b, and c is independently a whole number, 
including 0. When b is not 0, neither a nor c can be 0. 
Otherwise eithera or c, but not both, can be 0. Where b is 0, 
the aromatic groups are joined by a direct carbon-carbon 
bond. 

The hydroxylandYSubstituents on the aromatic groups, Ar 
and Arcan be varied in the ortho, meta or para positions on 
the aromatic rings and the groups can be in any possible 
geometric relationship with respect to one another. 

Included within the scope of the above formula are bisphe 
nols of which the following are representative: 2,2-bis-(3.5- 
dichlorophenyl)-propane; bis-(2-chlorophenyl)-methane; bis 
(2,6-dibromophenyl)-methane; 1,1-bis-(4-iodophenyl)- 
ethane; 1,2-bis-(2,6-dichlorophenyl)-ethane; 1,1-bis-(2- 
chloro-4-iodophenyl)ethane; 1,1-bis-(2-chloro-4- 
methylphenyl)-ethane; 1,1-bis-(3,5-dichlorophenyl)-ethane: 
2.2-bis-(3-phenyl-4-bromophenyl)-ethane: 2,6-bis-(4.6- 
dichloronaphthyl)-propane; 2.2-bis-(2,6-dichlorophenyl)- 
pentane; 2.2-bis-(3,5-dibromophenyl)-hexane; bis-(4-chlo 
rophenyl)-phenyl-methane; bis-(3,5-dichlorophenyl)- 
cyclohexylmethane; bis-(3-nitro-4-bromophenyl)-methane; 
bis-(4-hydroxy-2,6-dichloro-3-methoxyphenyl)-methane; 
and 2.2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane 2.2 
bis-(3-bromo-4-hydroxyphenyl)-propane. Also included 
within the above structural formula are: 1,3-dichlorobenzene, 
1,4-dibromobenzene, 1,3-dichloro-4-hydroxybenzene, and 
biphenyls such as 2,2'-dichlorobiphenyl, polybrominated 
1,4-diphenoxybenzene, 2,4'-dibromobiphenyl, and 2,4'- 
dichlorobiphenyl as well as decabromo diphenyl oxide, and 
the like. 

Another useful class of flame retardant is the class of cyclic 
siloxanes having the general formula (R2SiO)y wherein R is 
a monovalent hydrocarbon or fluorinated hydrocarbon having 
from 1 to 18 carbon atoms and y is a number from 3 to 12. 
Examples of fluorinated hydrocarbon include, but are not 
limited to, 3-fluoropropyl. 3,3,3-trifluoropropyl, 5.5.5.4.4.3, 
3-heptafluoropentyl, fluorophenyl, difluorophenyl and trif 
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luorotolyl. Examples of suitable cyclic siloxanes include, but 
are not limited to, octamethylcyclotetrasiloxane, 1.2.3,4-tet 
ramethyl-1,2,3,4-tetravinylcyclotetrasiloxane, 1.2.3,4-tet 
ramethyl-1,2,3,4-tetraphenylcyclotetrasiloxane, octaethyl 
cyclotetrasiloxane, octapropylcyclotetrasiloxane, 
octabutylcyclotetrasiloxane, decamethylcyclopentasiloxane, 
dodecamethylcyclohexasiloxane, tetradecamethylcyclohep 
tasiloxane, hexadecamethylcyclooctasiloxane, eicosameth 
ylcyclodecasiloxane, octaphenylcyclotetrasiloxane, and the 
like. A particularly useful cyclic siloxane is octaphenylcy 
clotetrasiloxane. 
When present, the foregoing flame retardant additives are 

generally present in amounts of 0.01 to 10 wt.%, more 
specifically 0.02 to 5 wt.%, and more specifically 0.01 to 1 wt 
% based on 100 parts by weight of the polymer component of 
the thermoplastic composition. 

d. Siloxane 
The polycarbonate resin composition may further com 

prise a cyclic siloxane. The cyclic siloxanes may impart firef 
flame-retardant properties in the presence of perfluoroalkane 
sulfonates as described in U.S. Pat. No. 6,353,046, which is 
fully incorporated herein by reference. Cyclic siloxanes may 
improve the melt viscosity of the polycarbonate resin. 
The cyclic siloxane may include those with the general 

formula as provided 

R. R. 
V / 
Si 
WV 

R. O. O. R. 
V / V / 
Si Si 
M M \, 

R. O. O. R. bi Si 

R. R. 

wherein R may be any one of the following: C1 to C36 
alkyl, fluorinated or perfluorinated C1 to C36 alkyl, C1 
to C36 alkoxy, C6 to C14 aryl, aryloxy of 6 to 14 carbon 
atoms, arylalkoxy of 7 to 36 carbon atoms, or C1 to C36 
alkyl-substituted aryl of 6 to 14 carbon atoms. In the 
cyclic siloxane formula provided above, at least one R 
may be a phenyl. Examples of cyclic siloxanes, but not 
limited to, may be any one of the following: a cyclic 
phenyl containing siloxane, octaphenylcyclotetrasilox 
ane, hexamethylcyclotrisiloxane, octamethylcyclotet 
rasiloxane, decamethylcyclopentasiloxane, dodecam 
ethylcyclohexasiloxane, 
trimethyltriphenylcyclotrisiloxane, and tetramethyltet 
raphenylcyclotetrasiloxane. 

In addition to the cyclic siloxane, the resin composition 
may further comprise a linear siloxane. The linear siloxane 
may be a linear phenyl containing siloxane. The polycarbon 
ate resin composition may contain about 0.1% or greater of a 
siloxane phenyl containing additive. The siloxane phenyl 
additive may be a poly(phenylmethylsiloxane). The poly 
(phenylmethylsiloxane) may have the following structure: 

y y y 
R-i-o –0 –0 

Me Me L R2 y 

wherein R1 is a C1-C18 alkyl group, R2 is a phenyl, and X and 
y may vary in ratio but Sum to 1. R1 may be a methyl. 

Si-R 

e M 
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The polycarobonate resin composition may contain at least 
two types of siloxanes. The composition may have between 
about 0.1% and about 0.8% polymethylsiloxanes and about 
0.1% to about 0.8% octaphenyl cyclotetrasiloxane. The com 
position may have between about 0.1% or greater of octaphe 
nyl cyclotetrasiloxane. 
The Cyclic and/or linear siloxane may be included in the 

polycarbonate resinata level Sufficient to impart lowering the 
melt viscosity of the polycarbonate resin and/or imparting 
flame-retardant properties. This level may be in amount of 
from 0.02 to 0.3 proportional by total weight of the compo 
sition (phr). It may be 0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14. 
0.16, 0.18, 0.20, 0.22, 0.24, 0.26, 0.28, 0.30, 0.32, 0.34, or 
0.36 phr. 
The cyclic and/or linear siloxane may be blended with the 

molten polycarbonate as described above. The blend may be 
in a screw-type extruder, and extruded and molded into parts 
of desired shapes. Cyclic and/or linear siloxane may be added 
to the polycarbonate resin in combination with a flame-retar 
dant additive composition comprising perfluoroalkane Sul 
fonate. The flame-retardant composition may comprise per 
fluoroalkane Sulfonate and the cyclic siloxane in a ratio of 
from about 0.07 to about 5 by weight. 

3. Other Additives 

a. Impact Modifiers 
The resin composition may further comprise impact modi 

fiers. For example, the composition can further include 
impact modifier(s), with the proviso that the additives are 
selected so as to not significantly adversely affect the desired 
properties of the composition. Suitable impact modifiers may 
be high molecular weight elastomeric materials derived from 
olefins, monovinyl aromatic monomers, acrylic and meth 
acrylic acids and their ester derivatives, as well as conjugated 
dienes. The polymers formed from conjugated dienes can be 
fully or partially hydrogenated. The elastomeric materials can 
be in the form of homopolymers or copolymers, including 
random, block, radial block, graft, and core-shell copoly 
mers. Combinations of impact modifiers may be used. 
A specific type of impact modifier may be an elastomer 

modified graft copolymer comprising (i) an elastomeric (i.e., 
rubbery) polymer substrate having a Tg less than about 10° 
C., less than about 0°C., less than about -10°C., or between 
about -40°C. to -80°C., and (ii) a rigid polymer grafted to 
the elastomeric polymer substrate. Materials suitable for use 
as the elastomeric phase include, for example, conjugated 
diene rubbers, for example polybutadiene and polyisoprene; 
copolymers of a conjugated diene with less than about 50 wt 
% of a copolymerizable monomer, for example a monovi 
nylic compound Such as styrene, acrylonitrile, n-butyl acry 
late, or ethyl acrylate; olefin rubbers such as ethylene propy 
lene copolymers (EPR) or ethylene-propylene-diene 
monomer rubbers (EPDM): ethylene-vinyl acetate rubbers: 
silicone rubbers; elastomeric C1-8 alkyl(meth)acrylates: 
elastomeric copolymers of C1-8 alkyl(meth)acrylates with 
butadiene and/or styrene; or combinations comprising at least 
one of the foregoing elastomers. Materials Suitable for use as 
the rigid phase include, for example, monovinyl aromatic 
monomers such as styrene and alpha-methyl styrene, and 
monovinylic monomers such as acrylonitrile, acrylic acid, 
methacrylic acid, and the C1-C6 esters of acrylic acid and 
methacrylic acid, specifically methyl methacrylate. 

Specific impact modifiers include styrene-butadiene-sty 
rene (SBS), styrene-butadiene rubber (SBR), styrene-ethyl 
ene-butadiene-styrene (SEBS), ABS (acrylonitrile-butadi 
ene-styrene), acrylonitrile-ethylene-propylene-diene-styrene 
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(AES), styrene-isoprene-styrene (SIS), methyl methacrylate 
butadiene-styrene (MBS), and styrene-acrylonitrile (SAN). 
Exemplary elastomer-modified graft copolymers include 
those formed from styrene-butadiene-styrene (SBS), styrene 
butadiene rubber (SBR), styrene-ethylene-butadiene-styrene 
(SEBS), ABS (acrylonitrile-butadiene-styrene), acryloni 
trile-ethylene-propylene-diene-styrene (AES), styrene-iso 
prene-styrene (SIS), methyl methacrylate-butadiene-styrene 
(MBS), and styrene-acrylonitrile (SAN). 
MBS may be derived from the following monomers: 

O 

HC o1 

styrene butadiene methylmethacrylate 

SEBS may be a linear triblockcopolymer based on styrene 
and ethylene/butylene. Each copolymer chain that may con 
sist of three blocks: a middle block that is a random ethylene/ 
butylene copolymer surrounded by two blocks of polysty 
rene. The SEBS may be styrene-b-(ethylene-co-butylene)-b- 
styrene polymer. 

Impact modifiers may be present in amounts of 1 to 30 parts 
by weight, based on 100 parts by weight of copolycarbonate, 
polysiloxane-polycarbonate, and any additional polymer. 
Impact modifiers may include MBS and SBS. 

b. Ultra High, High, and Low Flow Polycarbonates and 
THPE Branch Polycarbonates 
The resin composition may further comprise an ultra high 

flow PC, a high flow PC, a low flow PC, a THPEbranched PC, 
or a mixture thereof. 
The ultra high flow polycarbonate may be a BPA 

homopolymer, which may be made by an interfacial process. 
The ultra high flow polycarbonate may have a weight average 
molecular weight of between 17000 and 18000 as determined 
by gel permeation chromatography (GPC) using polycarbon 
ate standards. The ultra high flow polycarbonate may have a 
weight average molecular weight of 17650. The ultra high 
flow polycarbonate may have a melt volume flow rate (MVR) 
of between about 60 and 80. 
The high flow PC may include, for example, bisphenol-A 

polycarbonate homopolymer having a molecular weight of 
about 21,600 to 22.200, which may be based on Gel Perme 
ation chromatography measurements using polycarbonate 
standards. The high flow PC may be made by an interfacial 
process. The high flow PC may have a melt volume flow rate 
(MVR) of between about 21.9 and 31.8. 
The low flow PC may include, for example, bisphenol-A 

polycarbonate homopolymer having a molecular weight of 
about 29,500 to 30,300. The low flow PC may be made by an 
interfacial process. The low flow PC may have a molecular 
weight of 30,000 as determined by GPC using polycarbonate 
standards. The low flow PC may be, for example, a bisphe 
nol-A polycarbonate homopolymer having a molecular 
weight of 30,000 as determined by GPC using polycarbonate 
standards. The low flow PC may have a MVR of between 
about 5 and 7. 
The THPE (1,1,1-tris-(p-hydroxyphenyl)ethane) branched 

PC may be made by an interfacial process. The THPE 
branched PC may have a weight average molecular weight of 
37,700. The THPE branched PC may be present in the resin 
composition in an amount of between 0.3 wt % and 0.7 wt.%. 
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In one embodiment, a mixture of high flow PC and low flow 
PC is used as the component (i). The weight ratio between the 
high flow PC and low flow PC may be in the range of from 
about 5:95 to about 95:5, specifically from about 10:90 to 
about 90:10, and more specifically from about 20:80 to about 
80:2O. 

In an embodiment, the polycarbonate has flow properties 
suitable for the manufacture of thin articles. Melt volume flow 
rate (often abbreviated MVR) measures the rate of extrusion 
of a thermoplastic through an orifice at a prescribed tempera 
ture and load. Polycarbonates suitable for the formation of 
thin articles may have an MVR, measured at 300° C./1.2 kg 
according to ASTM D1238-04, of 0.5 to 80 cubic centimeters 
per 10 minutes (cc/10 min). In a specific embodiment, a 
suitable polycarbonate composition has an MVR measured at 
300° C./1.2 kg according to ASTM D1238-04, of 0.5 to 50 
cc/10 min, specifically 1 to 25 cc/10 min, and more specifi 
cally 3 to 20 cc/10 min. Mixtures of polycarbonates of dif 
ferent flow properties may be used to achieve the overall 
desired flow property. 

c. Polycarbonate Siloxane Copolymer 
The resin composition may further comprise one or more 

polycarbonate siloxane copolymers. The one or more poly 
carbonate siloxane copolymer may impart exceptional low 
temperature impact performance to articles derived from the 
resin composition. 
The polycarbonate siloxane copolymer may comprise 

polydimethylsiloxane blocks, wherein the polydimethylsi 
loxane blocks have degrees of polymerization of from 30 to 
100 dimethylsiloxane moieties. The dimethylsiloxane repeat 
ing units may have a specific block length and may be present 
in an article in an amount Sufficient so that the article has 
relatively high ductility at -20°C. 
The polycarbonate siloxane copolymer may be a polydim 

ethylsiloxane-polycarbonate copolymer resin, wherein the 
weight '% of the dimethylsiloxane repeating units is from 
about 3.5% to 7% based on the total weight of the polycar 
bonate. 

Polysiloxane-polycarbonates may comprise carbonate 
units of formula (I) and polysiloxane blocks derived from a 
siloxane-containing dihydroxy compounds (also referred to 
herein as “hydroxyaryl end-capped polysiloxanes') that con 
tains diorganosiloxane units blocks of formula (V): 

o 
R E. 

wherein each occurrence of R is same or different, and is a 
C1-13 monovalent organic group. For example, R can be a 
C1-C13 alkyl group, C1-C13 alkoxy group, C2-C13 alkenyl 
group, C2-C13 alkenyloxy group, C3-C6 cycloalkyl group, 
C3-C6 cycloalkoxy group, C6-C14 aryl group, C6-C10 ary 
loxy group, C7-C13 aralkyl group, C7-C13 aralkoxy group, 
C7-C13 alkylaryl group, or C7-C13 alkylaryloxy group. The 
foregoing groups can be fully or partially halogenated with 
fluorine, chlorine, bromine, or iodine, or a combination 
thereof. In an embodiment, where a transparent isosorbide 
based polycarbonate is desired, R does not contain any halo 
gen. Combinations of the foregoing R groups can be used in 
the same isosorbide-based polycarbonate. 
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The value of E in formula (V) can vary widely depending 

on the type and relative amount of each of the different units 
in the isosorbide-based polycarbonate, the desired properties 
of the isosorbide-based polycarbonate, and like consider 
ations. Generally, E can have an average value of about 2 to 
about 1,000, specifically about 2 to about 500, more specifi 
cally about 2 to about 100. In an embodiment, E has an 
average value of about 4 to about 90, specifically about 5 to 
about 80, and more specifically about 10 to about 70. Where 
E is of a lower value, e.g., less than about 40, it can be 
desirable to use a relatively larger amount of the units con 
taining the polysiloxane. Conversely, where E is of a higher 
value, e.g., greater than about 40, it can be desirable to use a 
relatively lower amount of the units containing the polysilox 
a. 

In one embodiment, the polysiloxane blocks are provided 
by repeating structural units of formula (W): 

(W) 

wherein E is as defined above; each R is the same or different, 
and is as defined above; and each Ar is the same or different, 
and is a substituted or unsubstituted C6-C30 arylene group, 
wherein the bonds are directly connected to an aromatic moi 
ety. Argroups in formula (W) can be derived from a C6-C30 
dihydroxyaromatic compound, for example a dihydroxyaro 
matic compound of formula (H) or (M) described in detail 
below. Combinations comprising at least one of the foregoing 
dihydroxyaromatic compounds can also be used. Exemplary 
dihydroxyaromatic compounds are 1,1-bis(4-hydroxyphe 
nyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2.2-bis(4-hy 
droxyphenyl)propane, 2.2-bis(4-hydroxyphenyl)butane, 2.2- 
bis(4-hydroxyphenyl)octane, 1,1-bis(4-hydroxyphenyl) 
propane, 1,1-bis(4-hydroxyphenyl)n-butane, 2.2-bis(4- 
hydroxy-1-methylphenyl)propane, 1,1-bis(4- 
hydroxyphenyl)cyclohexane, bis(4-hydroxyphenyl Sulfide), 
1,1-bis(4-hydroxy-3-methylphenyl)cyclohexane, and 1,1-bis 
(4-hydroxy-t-butylphenyl)propane, or a combination com 
prising at least one of the foregoing dihydroxy compounds. 

Polycarbonates comprising Such units can be derived from 
the corresponding dihydroxy compound of formula (X): 

(X) 

wherein Ar and E are as described above. Compounds of 
formula (T) can be obtained by the reaction of a dihy 
droxyaromatic compound with, for example, an alpha, 
omega-bis-acetoxy-polydiorganosiloxane oligomer under 
phase transfer conditions. Compounds of formula (T) can 
also be obtained from the condensation product of a dihy 
droxyaromatic compound, with, for example, an alpha, 
omega bis-chloro-polydimethylsiloxane oligomer in the 
presence of an acid scavenger. 
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In another embodiment, polydiorganosiloxane blocks 
comprises units of formula (Y): 

-O-R6 o --o- 
R Jet R 

wherein R and E are as described above, and each R6 is 
independently a divalent C1-C30 organic group, and wherein 
the oligomerized polysiloxane unit is the reaction residue of 
its corresponding dihydroxy compound. The polysiloxane 
blocks corresponding to formula (Y) are derived from the 
corresponding dihydroxy compound of formula (Z): 

(Z) 

HO-R jo i-r-ol 
R R 

(E-1) 

wherein R and E and R6 are as described for formula (Y). 
In a specific embodiment, the polydiorganosiloxane blocks 

are provided by repeating structural units of formula (AA): 

(AA) 

R R 

1N 4N 
-O- --R7 o -R- --O- 

A 2 N w 
M. R (Ep. R. M, 

wherein R and E are as defined above. R7 in formula (AA) is 
a divalent C2-C8 aliphatic group. Each M in formula (AA) 
can be the same or different, and is a halogen, cyano, nitro, 
C1-C8 alkylthio, C1-C8 alkyl, C1-C8 alkoxy, C2-C8 alkenyl, 
C2-C8 alkenyloxy group, C3-C8 cycloalkyl, C3-C8 
cycloalkoxy, C6-C10 aryl, C6-C10 aryloxy, C7-C12 aralkyl, 
C7-C12 aralkoxy, C7-C12 alkylaryl, or C7-C12 alkylaryloxy, 
wherein each n is independently 0, 1, 2, 3, or 4. 

In one embodiment, M is bromo or chloro, an alkyl group 
Such as methyl, ethyl, or propyl, an alkoxy group Such as 
methoxy, ethoxy, or propoxy, oran aryl group Such as phenyl, 
chlorophenyl, or tolyl; R7 is a dimethylene, trimethylene or 
tetramethylene group; and R is a Cls alkyl, haloalkyl such as 
trifluoropropyl, cyanoalkyl, or aryl Such as phenyl, chlo 
rophenyl or tolyl. In another embodiment, R is methyl, or a 
combination of methyl and trifluoropropyl, or a combination 
of methyl and phenyl. In still another embodiment, M is 
methoxy, n is one, R7 is a divalent C1-C3 aliphatic group, and 
R is methyl. 

Polysiloxane-polycarbonates comprising units of formula 
(AA) can be derived from the corresponding dihydroxy poly 
diorganosiloxane (BB): 

(BB) 

R R 

1N 4N HO- --R7--SiO Si-R7-l- --OH 
X4 l l Six 
M (E-1) M 

wherein each of R. E. M., R7, and n are as described above. 
Such dihydroxy polysiloxanes can be made by effecting a 
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platinum-catalyzed addition between a siloxane hydride of 
formula (CC): 

H jo ill 
R Jet R 

wherein R and E are as previously defined, and an aliphati 
cally unsaturated monohydric phenol. Exemplary aliphati 
cally unsaturated monohydric phenols included, for example, 
eugenol, 2-allylphenol, 4-allyl-2-methylphenol, 4-allyl-2- 
phenylphenol, 4-allyl-2-bromophenol, 4-allyl-2-t-butox 
yphenol, 4-phenyl-2-phenylphenol, 2-methyl-4-propylphe 
nol, 2-allyl-4,6-dimethylphenol, 2-allyl-4-bromo-6- 
methylphenol, 2-allyl-6-methoxy-4-methylphenol, 
4-allylphenol, and 2-allyl-4,6-dimethylphenol. Combina 
tions comprising at least one of the foregoing can also be 
used. 

In an embodiment, the polysiloxane-polycarbonate can 
comprise polysiloxane blocks derived from the correspond 
ing dihydroxy polysiloxane compound, present in an amount 
of 0.15 to 30 wt %, specifically 0.5 to 25 wt %, and more 
specifically 1 to 20 wt % based on the total weight of polysi 
loxane blocks and carbonate units. In a specific embodiment, 
the polysiloxane blocks are present in an amount of 1 to 10 wt 
%, specifically 2 to 9 wt %, and more specifically 3 to 8 wt %, 
based on the total weight of polysiloxane blocks and carbon 
ate units. 

Polysiloxane-polycarbonates further comprise carbonate 
units of formula (A) derived from a dihydroxy aromatic com 
pound of formula (H). In an exemplary embodiment, the 
dihydroxy aromatic compound is bisphenol A. In an embodi 
ment, the carbonate units comprising the polysiloxane-poly 
carbonate are present in an amount of 70 to 99.85 wt %, 
specifically 75 to 99.5, and more specifically 80 to 99 wt % 
based on the total weight of polysiloxane blocks and carbon 
ate units. In a specific embodiment, the carbonate units are 
present in an amount of 90 to 99 wt %, specifically 91 to 98wt 
%, and more specifically 92 to 97 wt %, based on the total 
weight of polysiloxane blocks and carbonate units. 

d. UV Stabilizers 
The photoresistant composition may further comprise a 

UV stabilizer for improved performance in UV stabilization. 
UV stabilizers disperse the UV radiation energy by absorbing 
the energy through reversible chemical rearrangements such 
as hydrogen shifts. 
UV stabilizers may be hydroxybenzophenones, hydrox 

yphenyl benzotriazoles, cyanoacrylates, oxanilides, and 
hydroxyphenyl triazines. UV stabilizers may include, but are 
not limited to, poly(6-morphilino-s-triazine-2,4-diyl).2.2.6. 
6-tetramethyl-4-piperidyl)imino-hexamethylene (2.2.6,6- 
tetramethyl-4-piperidyl)imino. 2-hydroxy-4-Octloxyben 
Zophenoe (Uvinul R3008), 6-tert-butyl-2-(5-chloro-2H 
benzotriazole-2-yl)-4-methylphenyl (Uvinul R. 3026), 2,4-di 
tert-butyl-6-(5-chloro-2H-benzotriazole-2-yl)-phenol 
(Uvinul R3027), 2-(2H-benzotriazole-2-yl)-4,6-di-tert-pen 
tylphenol (Uvinul R3028), 2-(2H-benzotriazole-2-yl)-4-(1,1, 
3,3-tetramethylbutyl)-phenol (Uvinul R. 3029), 1,3-bis(2- 
cyano-3',3'-diphenylacryloyl)oxy-2.2-bis-(2-cyano-3',3'- 
diphenylacryloyl)oxymethyl-propane (Uvinul R. 3030), 
2-(2H-benzotriazole-2-yl)-4-methylphenol (Uvinul R. 3033), 
2-(2H-bezhotriazole-2-yl)-4,6-bis(1-methyl-1-phenyethyl) 
phenol (Uvinul R. 3034), ethyl-2-cyano-3,3-diphenylacrylate 
(Uvinul R. 3035), (2-ethylhexyl)-2-cyano-3,3-diphenylacry 
late (Uvinul R. 3039), N,N'-bisformyl-N,N'-bis(2.2.6,6-tet 
ramethyl-4-piperidinyl)hexamethylendiamine (Uvinul R. 
4050H), bis-(2.2.6,6-tetramethyl-4-pipieridyl)-sebacate 

(CC) 
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(Uvinul R. 4077H), bis-(1,2,2,6,6-pentamethyl-4-piperdiyl)- 
sebacate+methyl-(1.2.2.6,6-pentamethyl-4-piperidyl)-seba 
cate (Uvinul R. 4092H) or combination thereof. 
The photoresistant composition may comprise one or more 

UV stabilizers, excluding Cyasorb 5411, Cyasorb UV-3638, 
Uvinul 3030, and/or Tinuvin 234. 

e. Colorants 
Colorants such as pigment and/or dye additives may be 

present. Useful pigments can include, for example, inorganic 
pigments such as metal oxides and mixed metal oxides Such 
as Zinc oxide, titanium dioxides, iron oxides, or the like; 
Sulfides such as Zinc sulfides, or the like; aluminates; sodium 
Sulfo-silicates Sulfates, chromates, or the like; carbon blacks; 
Zinc ferrites; ultramarine blue; organic pigments such as azos, 
di-azos, quinacridones, perylenes, naphthalene tetracarboxy 
lic acids, flavanthrones, isoindolinones, tetrachloroisoindoli 
nones, anthraquinones, enthrones, dioxazines, phthalocya 
nines, and azo lakes; Pigment Red 101, Pigment Red 122, 
Pigment Red 149, Pigment Red 177, Pigment Red 179, Pig 
ment Red 202, Pigment Violet 29, Pigment Blue 15, Pigment 
Blue 60, Pigment Green 7, Pigment Yellow 119, Pigment 
Yellow 147, Pigment Yellow 150, and Pigment Brown 24; or 
combinations comprising at least one of the foregoing pig 
ments. Pigments are generally used in amounts of 0.01 to 10 
parts by weight, based on 100 parts by weight of the polymer 
component of the thermoplastic composition. 

Exemplary dyes are generally organic materials and 
include, for example, coumarin dyes such as coumarin 460 
(blue), coumarin 6 (green), nile red or the like; lanthanide 
complexes; hydrocarbon and Substituted hydrocarbon dyes; 
polycyclic aromatic hydrocarbon dyes; Scintillation dyes 
Such as oxazole or oxadiazole dyes: aryl- or heteroaryl-Sub 
stituted poly (Cs) olefin dyes; carbocyanine dyes; indan 
throne dyes; phthalocyanine dyes; oxazine dyes; carbostyryl 
dyes; napthalenetetracarboxylic acid dyes; porphyrin dyes; 
bis(styryl)biphenyl dyes; acridine dyes; anthraquinone dyes; 
cyanine dyes; methine dyes: arylmethane dyes; azo dyes; 
indigoid dyes, thioindigoid dyes, diazonium dyes; nitro dyes; 
quinone imine dyes; aminoketone dyes; tetrazolium dyes; 
thiazole dyes; perylene dyes, perinone dyes; bis-benzox 
azolylthiophene (BBOT); triarylmethane dyes; xanthene 
dyes; thioxanthene dyes; naphthalimide dyes; lactone dyes; 
fluorophores such as anti-stokes shift dyes which absorb in 
the near infrared wavelength and emit in the visible wave 
length, or the like; luminescent dyes such as 7-amino-4-me 
thylcoumarin; 3-(2-benzothiazolyl)-7-diethylaminocou 
marin; 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4- 
oxadiazole; 2.5-bis-(4-biphenylyl)-oxazole; 2,2'-dimethyl-p- 
quaterphenyl; 2.2-dimethyl-p-terphenyl: 3.5.3".5"-tetra-t- 
butyl-p-quinquephenyl; 2,5-diphenylfuran: 2.5- 
diphenyloxazole; 4,4'-diphenylstilbene: 
4-dicyanomethylene-2-methyl-6-(p-dimethylaminostyryl)- 
4H-pyran; 1,1'-diethyl-2,2'-carbocyanine iodide; 3,3'-di 
ethyl-4,4,5,5'-dibenzothiatricarbocyanine iodide; 7-dim 
ethylamino-1-methyl-4-methoxy-8-azaquinolone-2; 
7-dimethylamino-4-methylduinolone-2: 2-(4-(4-dimethy 
laminophenyl)-1,3-butadienyl)-3-ethylbenzothiazolium per 
chlorate: 3-diethylamino-7-diethyliminophenoxazonium 
perchlorate: 2-(1-naphthyl)-5-phenyloxazole; 2,2'-p-phe 
nylen-bis(5-phenyloxazole); rhodamine 700; rhodamine 
800; pyrene, chrysene, rubrene, coronene, or the like; or 
combinations comprising at least one of the foregoing dyes. 
Dyes are generally used in amounts of 0.01 to 10 parts by 
weight, based on 100 parts by weight of the polymer compo 
nent of the thermoplastic composition. 

4. Mixers and Extruders 

Compositions comprising the cyanophenyl endcapped 
branched polycarbonates and heat stabilizers can be manu 
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factured by various methods. For example, cyanophenyl end 
capped polycarbonate and heat stabilizers may be first 
blended in a high speed HENSCHEL-Mixer R. Other low 
shear processes, including but not limited to hand mixing, can 
also accomplish this blending. The blend may then be fed into 
the throat of a single or twin-screw extruder via a hopper. 
Alternatively, at least one of the components can be incorpo 
rated into the composition by feeding directly into the 
extruder at the throat and/or downstream through a side 
stuffer. Additives can also be compounded into a masterbatch 
with a desired polymeric resin and fed into the extruder. The 
extruder is generally operated at a temperature higher than 
that necessary to cause the composition to flow. The extrudate 
is immediately quenched in a water batch and pelletized. The 
pellets, so prepared, when cutting the extrudate can be one 
fourth inch long or less as desired. Suchpellets can be used for 
Subsequent molding, shaping, or forming. 

5. Articles 

Shaped, formed, or molded articles comprising the poly 
carbonate resin compositions are provided herein. The com 
positions can be molded into useful shaped articles by a 
variety of means Such as injection molding, extrusion, rota 
tional molding, blow molding and thermoforming to form 
articles Such as, for example, computer and business machine 
housings such as housings for monitors, handheld electronic 
device housings such as housings for cell phones, electrical 
connectors, and components of lighting fixtures, ornaments, 
home appliances, roofs, greenhouses, Sun rooms, Swimming 
pool enclosures, Light Emitting Diodes (LEDs) and light 
panels, extruded film and sheet articles, and the like. The 
compositions are of particular utility in the manufacture of 
thin walled articles Such as housings for electronic devices. 
Additional examples of articles that can be formed from the 
compositions include electrical parts. Such as relays, and 
enclosures, consumer electronics Such as enclosures and 
parts for laptops, desktops, docking stations, PDAs, digital 
cameras, desktops, and telecommunications parts such as 
parts for base station terminals. 
The article may have a UL94VO flame rating at a thickness 

of between 1 mm and 2.5 mm or at 2.5 mm or at 1.5 mm or at 
1 mm. 

6. Functional Characteristics of Polycarbonate Resin 
and Article 

Articles molded from the polycarbonate resin composi 
tions comprising the cyanophenyl endcapped polycarbonates 
may have aheat deflection temperature (HDT) of 100 to 300° 
C., more specifically 110 to 200° C., measured at 0.455 MPa 
according to ASTM D648. 

Articles molded from the polycarbonate resin composi 
tions comprising the cyanophenyl endcapped polycarbonates 
can further have a percent ductility of 10 to 100%, or 20 to 
100%, measured in accordance with ASTM 256. In other 
embodiments, where a branching agent is used, articles 
molded from thermoplastic composition comprising the 
cyanophenyl endcapped polycarbonates can further have a 
percent ductility of 0 to 100%, or 20 to 100%, measured in 
accordance with ASTM 256. 

Articles molded from the polycarbonate resin composi 
tions comprising the cyanophenyl endcapped polycarbonates 
can have a Notched Izod Impact (NII) of 1 to 15 feet to pounds 
(ft-lb)/inch, or 2 to 14 ft-lb/inch, measured at 23° C. using 
/8-inch thick bars (3.2 mm) in accordance with ASTM D256. 
In other embodiments, where a branching agent is used, 
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articles molded from thermoplastic compositions comprising 
the cyanophenyl endcapped polycarbonates can have a 
Notched Izod Impact (NII) of 0.2 to 15 feet to pounds (ft-lb)/ 
inch, or 0.5 to 14 ft-lb/inch, measured at 23°C. using/8-inch 
thick bars (3.2 mm) in accordance with ASTM D256. 

Articles molded from compositions comprising the 
cyanophenyl endcapped polycarbonates can have a transpar 
ency of 60 to 90%, or more specifically, 70 to 90%, measured 
using 3.2 mm thick plaques according to ASTM-D1003-00. 
The thermoplastic compositions can have a haze value of less 
than 10%, more specifically, less than 5%, as measured using 
3.2 mm thick plaques according to ASTM-D1003-00. 
The articles molded from the polycarbonate resin compo 

sition can have a haze value of less than 5%, more specifically, 
less than 3%, as measured using 3.2 mm thick plaques accord 
ing to ASTM-D1003-00. Additionally, the thermoplastic 
compositions can have a haze value of less than 20%, more 
specifically, less than 10%, even more specifically, less than 
6% as measured using 3.2 mm thick plaques according to 
ASTM-D1003-OO. 
The articles molded from the polycarbonate resin compo 

sition may have a yellowing index of less than 3. Haze (%) 
and light transmission (%) may be determined using 3.2 mm 
molded plaques according to ASTM D1003-00. Yellowness 
index (YI) may be determined according to ASTM D1925 
70. 
The polycarbonate resin may have a viscosity build of less 

than 25%, less than 20%, less than 15%, or less than 10%. 
Melt viscosity may be measured using a rheometric 

method. For example, melt viscosity values for a resin may be 
obtained on a rheometer. The percent viscosity change after a 
certain length of time may be determined from a graph of the 
melt viscosity change as a function of time during a rheomet 
ric test. For example, the percentage Viscosity change (% 
Viscosity) may be determined by applying the following 
equation: 

% Viscosity (Voie-Viii)/sirii)x100 

wherein Vois the melt viscosity measured at 300°C. 
after 30 minutes, V is the initial melt viscosity at 300° C. 
reported by the rheometer. 30 minutes is only an example of 
the length of time over which the percent viscosity change 
may be measured. 

Resistance to heat discoloration may be evaluated by a 
difference between the Yi value of a control article, such as an 
article subjected to regular conditions, and the Yi value of a 
testarticle that is subjected to abusive conditions. The smaller 
the difference between a Yi value of the test article and a Yi 
value of the control article is, the more highly resistance to 
heat discoloration is evaluated. 

Abusive conditions may include Subjecting the polycar 
bonate resin and/or article derived from the resin to increased 
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temperatures for a period of time. The abusive conditions may 
reflect associated with molding and/or extruding processes. 
For example, abusive conditions may include Subjecting the 
polycarbonate resin or article to a temperature of greater than 
300° C., ofgreater than 325°C., or of greater than 350° C. The 
polycarbonate resin or article may be subjected to the 
increased temperature for a period of time greater than 1 
minute, greater than 2 minutes, greater than 3 minutes, greater 
than 4 minutes, greater than 5 minutes, greater than 6 minutes, 
greater than 7 minutes, greater than 8 minutes, greater than 9 
minutes, greater than 10 minutes, greater than 15 minutes, 
greater than 20 minutes, greater than 25 minutes, greater than 
30 minutes, greater than 35 minutes, greater than 40 minutes, 
greater than 50 minutes, or greater than 60 minutes. 

Regular conditions may include Subjecting the polycar 
bonate resin and/or article derived from the resin to tempera 
tures less than those determined to be abusive temperatures 
for a period of time. 
The resin may have a viscosity of at least 100 Poise, at least 

200 Poise, at least 300 Poise, at least 400 Poise at 300° C., or 
at least 500 Poise at 300° C. 
The present invention can be utilized as illustrated by the 

following non-limiting example. 

Example 1 

Stabilized Polycarbonates I 

Polycarbonate samples for Yi and rheology testing were 
prepared by blending different molecular weight grades of 
branched and linear LEXANR) polycarbonate resins so as to 
achieve different melt flows. All compositions included 0.27 
pph of tetra-stearate mold release, 0.27 pph of benzotriazole 
UV stabilizer, 0.08 pph of Rimar salt FR additive. The powder 
blend samples were extruded at a temperature profile of 230° 
C. to 290° C. and cut into pellets. The melt viscosity increase 
of the pellets for each sample was measured. Some pellets 
samples were injection molded at a temperature of 300° C. 
into color chips. The relative injection pressure was recorded 
during the molding. The initial yellowing index of molded 
chips, as well as the yellowing index of the molded chips after 
a 7 minute time cycle, was recorded using the ASTM D1925 
70 test method. All the color chips had a thickness of 2.54 

. 

The results of these experiments are summarized in Table 
1. As shown, formulations that incorporate the cyclic siloxane 
additive in combination with Doverphos S-9228 and IRGA 
PHOSR 168 stabilizers show low to none melt viscosity 
build-up, lower injection pressure, lower injection pressure 
increase after 7 minutes at 330 F., and low Yi values. 
Example 2 shows for instance low Yi and viscosity build-up 
values as compared to Example 3. 

TABLE 1 

Blends Characteristics and Properties 

components 

HBN3% THPE Branched Resin 
High Flow Polycarbonate 
Ultra-high Flow Polycarbonate 
Low Flow Polycarbonate 
Branched Polycarbonate 
DOVERPHOS (R) S-9228 
IRGAPHOS (R) 168 
Hindered phenol 

% 
% 

% 
% 
% 
% 
% 

Examples 

Ex-1 Ex-2 Ex-3 Ex-4 Ex-5 Ex-6 Ex-7 Ex-8 

27 47 47 27 27 27 27 27 
10 29 29 10 10 10 10 10 
63 63 63 63 63 63 

2 2 
22 22 

O.O17 O.O17 O.O6 O.O17 O.O28 
O.O14 O.O14 O.O6 O.O6 O.O14 O.O28 
O.OSO O.OSO O.O27 O.O27 O.O27 O.O27 O.OSO O.O24 
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TABLE 1-continued 

30 

Blends Characteristics and Properties 

Examples 

components Ex-1 Ex-2 Ex-3 Ex-4 

Release agent % 0.27 0.27 0.27 0.27 
UV additive % 0.27 0.27 0.27 0.27 
FR additive % O.08 O.O8 O.08 O.08 
Linear siloxane additive % 0.4 0.4 0.4 0.4 
Cyclic siloxane additive % O.1 O.1 O.1 O.1 
Properties 

Initial Yellowing Index (Yi) 2.24 2.48 3.16 3.13 
Yellowing Index after 7 min 4...SO S.92 1O.O1 6.50 
at 330°F. 
Injection pressure PSI 225 474 557 258 
Injection pressure after PSI 246 532 643 256 
7 min at 330°F. 
Melt Viscosity increase % -9 8 44 -6 
after 30 min at 300° C. 

The above-identified examples, and examples shown in 
other tables contained herein, may contain more than 100 
weight percent of total components. With respect to 
Examples 1, 4, 5, 6, 7 and 8 of Table 1, the importance of the 
combination of both stabilizers (IRGAPHOSR 168 and 
DOVERPHOSR S-9228) in order to reach low Yi values is 
illustrated. The viscosity build-up is not significant because 
the relative amount of branched resin is low compared to 
Examples 2 and 3. 

With respect to Examples 2 and 3, these examples show 
clearly that the combination of stabilizers in presence of the 
cyclic siloxane allows reaching low Yi and Viscosity values. 

Melt Viscosity values on resin pellets were obtained on a 
dynamic rheometer using a Rheometrics ARES with a paral 
lel plates fixture at a heating rate at 10°C/min at a frequency 
of 3 rad/s and strain amplitude of 9% and heated by hot air. 
The percentage viscosity change after 30 minutes was deter 
mined from a graph of the melt viscosity change as a function 
of time during the rheometric test. The percentage viscosity 
change (% Viscosity) was determined by applying the follow 
ing equation: 

% Viscosity (Yo-Y))x100 

wherein Vo is the melt viscosity measured at 300° 
C. after 30 minutes, V is the initial melt viscosity at 300° 
C. reported by the instrument. 

Example 2 

Stabilized Polycarbonates II 

Polycarbonate samples for rheology testing were prepared 
by blending different molecular weight grades of branched 

25 

30 

35 

40 

45 

50 

Ex-5 Ex-6 Ex-7 Ex-8 

0.27 0.27 0.27 0.27 
0.27 0.27 0.27 0.27 
O.08 O.08 O.O8 O.08 
0.4 0.4 0.4 0.4 
O.1 O.1 O.1 O.1 

2.38 2.23 2.12 2.09 
S.98 S.O6 4.63 4.12 

230 222 228 234 
204 244 250 249 

-7 -6 -8 -6 

and linear LEXANR) polycarbonate resins so as to achieve 
different melt flows. As shown in Table 2, blend formulations 
varied by the nature of the additives in the formulations. 
Examples 11, 12, 13, 14, 15 and 18 did incorporate 0.08% of 
fire retardant Rimar salt compared to Examples 10, 16 and 17. 
which did not. Examples 12, 14, 15, 17 and 18 did incorporate 
0.4% of linear siloxane additive compared to Examples 9, 10. 
12 and 15, which did not. Finally, all the examples incorpo 
rated 0.1% of cyclic siloxane additive except Examples 9 and 
10. The powder blend samples were extruded at a temperature 
profile of 230° C. to 290° C. and cut into pellets. The melt 
Viscosity increase of the pellets for each sample was mea 
Sured. 

The results of these experiments are summarized in Table 
2. As shown, formulations of Examples 9, 10 and 11, which 
do not incorporate siloxane additive, exhibit high values of 
Viscosity build-up. Also, the mold release agent do not show 
any influence on the resulting melt viscosity increase when 
comparing Examples 9 and 10. Examples 12, 14 and 18 have 
identical formulations. Similar melt viscosity build-up was 
noticed for Examples 12, 14 and 18. 

Table 2 shows that blends that incorporate both the fire 
retardant Rimar salt and cyclic siloxane exhibit the lowest 
values of melt viscosity build-up. The addition of linear silox 
ane as shown in Examples 12, 14 and 18 do not affect the 
increase in Viscosity. 
TABLE 2 

Blends Characteristics and Properties 

Examples 

components Ex-9 Ex-10 

HBN3% THPE Branched Resin 96 47 47 
High Flow Polycarbonate % 29 29 
Low Flow Polycarbonate %. 2 2 
Branched Polycarbonate %. 22 22 
DOVERPHOS (R) S-9228 % 0.017 O.O17 
IRGAPHOS (R) 168 % O.O14 O.O14 
Hindered phenol % O.OS O.OS 

Ex-11 Ex-12 Ex-13 Ex-14 EX-15 Ex-16 Ex-17 Ex-18 

47 50 50 50 50 50 50 50 
29 2 2 2 2 2 2 2 
2 19 19 19 19 19 19 19 

22 28 28 28 28 28 28 28 
O.O17 O.O17 O.O17 O.O17 O.O17 O.O17 O.O17 O.O17 
O.O14 O.O14 O.O14 O.O14 O.O14 O.O14 O.O14 O.O14 
O.OS O.OS O.OS O.OS O.OS O.OS O.OS O.OS 



US 9,234,096 B2 
31 32 

TABLE 2-continued 

Blends Characteristics and Properties 

Examples 

components Ex-9 Ex-1O Ex-11 Ex-12 

Release agent % 0.27 0.27 0.27 0.27 
UV additive % 0.27 0.27 
FR additive % O.O8 O.08 
Linear siloxane additive % O40 
Cyclic siloxane additive % O.10 
Properties 

Melt Viscosity increase 9%. 57 66 57 12 
after 30 min at 300° C. 

Example 3 

Stabilized Polycarbonates III 

Polycarbonate samples for Yi and rheology testing were 
prepared by blending different molecular weight grades of 
branched and linear LEXANR) polycarbonate resins as shown 
in Table 3. As shown in Table 3, the amounts of DOVER 
PHOSR S-9228, IRGAPHOSR 168 and hindered phenol 
additives were varied in the blend formulations. The powder 
blend samples were extruded at a temperature profile of 230° 
C. to 290° C. and cut into pellets. The melt viscosity increase 
of the pellets for each sample was measured. Some pellets 
samples were injection molded at a temperature of 300° C. 
into color chips. The initial yellowing index of molded chips 
was recorded using the ASTM D1925-70 test method. All the 
color chips had a thickness of 3.2 mm. 
The results of these experiments are summarized in Table 

3. As shown, amounts as low as 0.005%, 0.016% and 0.015% 
for IRGAPHOSR 168, DOVERPHOSR S-9228 and hin 
dered phenol stabilizers respectively lead to improved Yi 
and/or melt-viscosity build-up. 

TABLE 3 

Ex-13 Ex-14 EX-15 Ex-16 Ex-17 Ex-18 

0.27 0.27 0.27 0.27 0.27 0.27 

O.08 O.08 O.08 O.08 

O.10 O.10 O.OO O.10 O.10 O.10 

6 12 26 36 46 17 

While the present invention is described in connection with 
what is presently considered to be the most practical and 
preferred embodiments, it should be appreciated that the 

20 invention is not limited to the disclosed embodiments, and is 
intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the 
claims. Modifications and variations in the present invention 
may be made without departing from the novel aspects of the 

25 invention as defined in the claims. The appended claims 
should be construed broadly and in a manner consistent with 
the spirit and the scope of the invention herein. 
We claim: 
1. A polycarbonate resin composition comprising 
47-50 wt % of a first branched polycarbonate that is a 

bisphenol-A polycarbonate resin having a carbonate 
end-capping group derived from p-hydroxybenzonitrile 
(HBN) and branching derived from tris-(hydroxyphe 
nyl)ethane (THPE) as a branching agent; 

22-28 wt % of a second branched polycarbonate that is a 
bisphenol-A polycarbonate resin having branching 
derived from tris-(hydroxyphenyl)ethane (THPE) as a 
branching agent; 

Blends Characteristics and Properties 

Examples 

components Ex-19 Ex-2O Ex-21 Ex-22 

HBN3% THPE Branched Resin 96 50 50 50 50 
High Flow Polycarbonate %. 2 2 2 2 
Low Flow Polycarbonate %. 19 19 19 19 
Branched Polycarbonate %. 28 28 28 28 
DOVERPHOS (R) S-9228 % O.OOS O.005 O.O44 O.O32 
IRGAPHOS (R) 168 % O.O32 O.OOS 0.018 O.OOS 
Hindered phenol % 0.042 O.O70 O.018 O.042 
Release agent % 0.27 0.27 0.27 0.27 
UV additive % 0.27 0.27 0.27 0.27 
FR additive % 0.08 O.08 O.08 O.08 
Cyclic siloxane additive % 0.10 O.10 O.10 O.10 
Properties 

Melt Viscosity increase %. 89 84 63 35 
after 30 min at 300° C. 
Yi (3.2 mm) — 3.5 3.8 3 2.9 

As shown in Table 1 and 2, the amounts of IRGAPHOS(R) 
168, DOVERPHOSR S-9228 and hindered phenol stabilizers 
for which the Yi and/or the melt viscosity build-up improved 65 
can reach as high as 0.028%, 0.060% and 0.050% respec 
tively. 

Ex-23 Ex-24 Ex-25 Ex-26 Ex-27 

SO 50 50 50 50 
2 2 2 2 2 
19 19 19 19 19 
28 28 28 28 28 
O.O16 OO6O O.O3O O.O28 O.O18 
O.O16 O.OOS O.O16 O.O28 O.044 
O.047 O.O15 O.O33 O.O24 O.O18 
0.27 0.27 O.27 O.27 0.27 
0.27 0.27 O.27 O.27 0.27 
O.O8 O.O8 O.O8 O.O8 O.08 
O.10 O.1O O. 10 O.1O O.10 

18 58 64 70 51 

2.9 2.9 2.8 2.75 2.75 

21-31 wt % of a high flow polycarbonate that is a bisphe 
nol-A polycarbonate homopolymer having a melt Vol 
ume flow rate (MVR) of between 21.9 and 31.8 cm/10 
min, and a low flow polycarbonate that is a bisphenol-A 
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polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 5 and 7 cm/10 min: 

0.014-0.016 wt % of a first heat stabilizer that is tris(2,4- 
di-t-butylphenyl)phosphite; 

0.016-0.017 wt % of a second heat stabilizer that is bis(2, 
4-dicumylphenyl)pentaerythritol diphosphite; 

a cyclic siloxane, 
a flame retardant salt; and 
0.047-0.05 wt % of a hindered phenol heat stabilizer. 
2. The resin composition of claim 1, wherein the cyclic 

siloxane is at least one of the following: octaphenylcyclotet 
rasiloxane, hexamethylcyclotrisiloxane, octamethylcyclotet 
rasiloxane, decamethylcyclopentasiloxane, dodecmethylcy 
clohexasiloxane, trimethyltriphenylcyclotrisiloxane, and/or 
tetramethyltetraphenylcyclotetrasiloxane. 

3. The resin composition of claim 1, wherein the cyclic 
siloxane is octaphenylcyclotetrasiloxane. 

4. The resin composition of claim 1, comprising 0.05-0.1 
wt % of the cyclic siloxane. 

5. The resin composition of claim 1, wherein the flame 
retardant salt is at least one of the following: alkali metal salt 
of perfluorinated C-C alkyl Sufonates; potassium perfluo 
robutane Sulfonate; potassium perfluoroctane Sulfonate; tet 
raethylammonium perfluorohexane Sulfonate; sodium tolu 
ene Sulfonate; sodium diphenylsulfone Sulfonate; and 
potassium diphenylsulfone Sulfonate. 

6. The resin composition of claim 1, wherein the flame 
retardant salt is potassium perfluorobutane Sulfonate. 

7. The resin composition of claim 1, comprising 0.05-0.1 
wt % of the flame retardant salt. 

8. The resin composition of claim 1, wherein the cyclic 
siloxane is octaphenylcyclotetrasiloxane that is present in the 
composition at 0.05-0.1 wt %, and the flame retardant salt is 
potassium perfluorobutane Sulfonate that is present in the 
composition at 0.05-0.1 wt %. 

9. The resin composition of claim 1, wherein the hindered 
phenol heat stabilizer is octadecyl-3(3,5-ditertbutyl-4-hy 
droxyphenyl)propionate. 

10. The resin composition of claim 1, further comprising a 
release agent. 

11. The resin composition of claim 1, further comprising a 
UV additive. 

12. The resin composition of claim 1, further comprising a 
linear siloxane having the formula: 

y y y y 
R-i-o —o –0 -R. 

Me Me R2 Me 
y 

wherein R2 is a C-C is alkyl group. R2 is a phenyl, and XI 
andy Sum to 1. 

13. The resin composition of claim 1, wherein the resin 
composition has a viscosity of at least 500 Poise at 300° C. 

14. The resin composition of claim 1, wherein the resin 
composition has a viscosity build of no greater than 20% after 
30 minutes at 300° C. 

15. The resin composition of claim 1, wherein the resin 
composition has a viscosity build of no greater than 15% after 
30 minutes at 300° C. 

16. The resin composition of claim 1, wherein the resin 
composition has a viscosity build of no greater than 10% after 
30 minutes at 300° C. 
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17. The resin composition of claim 1, wherein a 3.2 mm 

thick article formed from the composition has a yellowing 
index (Yi) of less than 3. 

18. The polycarbonate resin composition of claim 1, 
wherein a 3.2 mm thick article formed from the composition 
has a yellowing index (Yi) of less than 2.5. 

19. A polycarbonate resin composition, selected from the 
group consisting of (a)-(c): 

(a) a polycarbonate resin composition comprising: 47 wt % 
of first branched polycarbonate that is a bisphenol-A 
polycarbonate resin having a carbonate end-capping 
group derived from p-hydroxybenzonitrile (HBN) and 
branching derived from tris-(hydroxyphenyl)ethane 
(THPE) as a branching agent; 22 wt % of a second 
branched polycarbonate that is a bisphenol-A polycar 
bonate resin having branching derived from tris-(hy 
droxyphenyl)ethane (THPE) as a branching agent; 29 wit 
% of a high flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 21.9 and 31.8 cm/10 min: 2 wit 
% of a low flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 5 and 7 cm/10 min; 0.014 wt % 
of a first heat stabilizer that is tris(2,4-di-t-butylphenyl) 
phosphite, 0.017 wt % of a second heat stabilizer that is 
bis(2,4-dicumylphenyl)pentaerythritol diphosphite, 0.1 
wt % of a cyclic siloxane: 0.08 wt % of a flame retardant 
salt; and 0.05 wt % of a hindered phenol heat stabilizer; 

(b) a polycarbonate resin composition comprising: 50 wt % 
of first branched polycarbonate that is a bisphenol-A 
polycarbonate resin having a carbonate end-capping 
group derived from p-hydroxybenzonitrile (HBN) and 
branching derived from tris-(hydroxyphenyl)ethane 
(THPE) as a branching agent; 28 wt % of a second 
branched polycarbonate that is a bisphenol-A polycar 
bonate resin having branching derived from tris-(hy 
droxyphenyl)ethane (THPE) as a branching agent; 2 wt 
% of a high flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 21.9 and 31.8 cm/10 min; 19 wit 
% of a low flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 5 and 7 cm/10 min; 0.014 wt % 
of a first heat stabilizer that is tris(2,4-di-t-butylphenyl) 
phosphite, 0.017 wt % of a second heat stabilizer that is 
bis(2,4-dicumylphenyl)pentaerythritol diphosphite, 0.1 
wt % of a cyclic siloxane: 0.08 wt % of a flame retardant 
salt; and 0.05 wt % of a hindered phenol heat stabilizer; 
and 

(c) a polycarbonate resin composition comprising: 50 wt % 
of first branched polycarbonate that is a bisphenol-A 
polycarbonate resin having a carbonate end-capping 
group derived from p-hydroxybenzonitrile (HBN) and 
branching derived from tris-(hydroxyphenyl)ethane 
(THPE) as a branching agent; 28 wt % of a second 
branched polycarbonate that is a bisphenol-A polycar 
bonate resin having branching derived from tris-(hy 
droxyphenyl)ethane (THPE) as a branching agent; 2 wt 
% of a high flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 21.9 and 31.8 cm/10 min; 19 wit 
% of a low flow polycarbonate that is a bisphenol-A 
polycarbonate homopolymer having a melt volume flow 
rate (MVR) of between 5 and 7 cm/10 min; 0.016 wt % 
of a first heat stabilizer that is tris(2,4-di-t-butylphenyl) 
phosphite, 0.016 wt % of a second heat stabilizer that is 
bis(2,4-dicumylphenyl)pentaerythritol diphosphite, 0.1 
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wt % of a cyclic siloxane: 0.08 wt % of a flame retardant 
salt; and 0.047 wt.% of a hindered phenol heat stabilizer. 

20. The polycarbonate composition of claim 19, further 
comprising 0.4 wt % of a linear siloxane additive. 

21. The polycarbonate composition of claim 19, further 5 
comprising 0.27 wt % of a UV additive. 

22. The polycarbonate composition of claim 19, further 
comprising 0.27 wt.% of a release agent. 

k k k k k 
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